In the last 50 years, both the authorities and the majority of the citizens have understood the need to enforce measures to both preserve energy and reduce the costs of producing it. Nowadays, every developed country has correlated the profitability and the competitiveness of its industry with the efficient and sustainable use of energy and is therefore making conscious efforts to improve these areas. Any action program deemed to enhance energy efficiency has as main component the critical analysis of the energetic resources allocated to an activity in a given perimeter, also known as energy audit. This paper aims to develop a model of risk classification to be applied in planning and performing procedures during energy audit, which can allow a common framework to be developed in this area of audit. The stakeholders of the entity will also be offered a unitary perspective regarding the risks of the respective business, which can be helpful in their decision-making process. The research methodology of this paper consists of quantitative instruments, namely the statistical analysis of a database containing energy audit conclusions of companies in Europe. The indicators used will relate to energy savings, the number of measures implemented as a result of the audit, the percentage of energy saved from total consumption (energy efficiency) and the business line of the company. The novelty this framework will bring consists of the congruence created in the energy audit procedures of different practices and of the standardization and quality improvement in energy audit opinions. The approach of energy audits will therefore evolve towards a risk based one, rather than an analytical one. Also, we will explain the importance of energy savings for the profitability and the competitiveness of companies in the economy today, while facilitating a transparent communication with the stakeholders. This analysis is relevant especially given the fact that the cycle of 4 years after the directive of mandatory energy audit has been enforced ends with 2018 and a conclusion can be drawn before the new audit period starts in 2019.
Introduction
The aim of this paper is to develop a framework to be used in the risk classification applied in planning and performing procedures during energy audit, which can allow a common approach to be developed in this area of audit. The stakeholders of the entity will also be offered a unitary perspective regarding the risks of the respective business, which can be helpful in their decision-making process. This debate is particularly relevant given the fact that in 2018 the 4-year period after the directive of the EU regarding mandatory energy audits ends and a new audit period will start. Therefore, it is crucial to review the results of this audit cycle 2014-2017, so that they can be used for the following audit period both by the auditors, as well as by the stakeholders of the audit performed.
In order to achieve this, we have analyzed a population of 1308 audited entities which are mainly SME's, defined by the EU norm 2003/361 as entities with not more than 249 employees and turnover of maximum 50 Mio. EUR. First, we will define the term energy audit and we will detail the types of audit/consultancy procedures performed for this entities which have provided the results at hand. Subsequently, we will analyze the database and conclude over the framework, if it is suitable to be the basis of a risk assessment model or not.
Literature Review

Definition of energy audit
An energy audit is a comprehensive, systematic review of a company's energy consumption. All energy data is collected and evaluated in terms of efficiency. Among other things, the current energy consumption of buildings or groups of buildings, individual operations or production facilities is checked. In addition, an energy audit may also relate to a private or public service. Behind such systematic analysis is the goal of saving energy and optimizing energy consumption. This provides an important basis for implementing measures to increase energy efficiency and reduce energy costs in companies. The difference with a traditional energy consultancy is, among other things, that the energy audit can only be carried out by consultants accredited BAFA (Bundesamt für Wirtschaft und Ausfuhrkontrolle). Energy audits have the role of accelerating the implementation of energy efficiency measures by informing the clients/beneficiary of the audit about their options and related energy cost savings, in particular. Typically, though only a portion of the measures recommended in audits actually gets implemented (Andersen and Newell 2004, Fleiter et al. 2012) . Most evaluations rely on surveys involving respondents' subjective responses. Thus, the estimated effects may suffer from social desirability and other biases. Arguably for lack of data (heterogeneity of measures and companies), no evaluation has so far relied on a comparison with a control group. (Schleich J., 2015) Nowadays, according to A. Kluczek, P. Olszewski (2017) , the energy audit is widely considered as one of the most cost-effective ways to improve energy efficiency. This is done by investigating energy flows within a firm as well as within individual process units (Trianni et al., 2014) . The audit consists of the following process, which is applicable for the directives detailed in the next chapter of this paper:
Energy audits debut with the pre-audit questionnaire, which includes first-hand information about the main processes of the company. The information contained relates to the manufacturing profile, processed materials, final product and production scale, giving auditors hints to possible energy conversion processes. In addition, it includes annual usage and costs (based on monthly utility bills) of electricity, natural gas (or other fuel), water, processed gases (N2, O2, etc.) and eventually information about the most energy intensive machines/processes (Telukdarie et al., 2006) . Based on this information, the auditor should have a general image of the factory's energy conversion and flow allowing for identification of areas of possible improvement) (Kluczek A., Olszewski P. 2017) The next step refers to the initial analysis of processes and includes a kick-off meeting (also followed by multiple eventual understanding meetings) with the engineering team, related the main processes of the entity. The audit team (composed of qualified engineers and consultants with experience in the domain) will communicate throughout the process with the operational managers and the engineers of the audited entity. The auditor must also perform walkthrough of the process discussed with the client and observe how the procedures described are also implemented in the daily activity of the company.
In the following audit period, the auditors underline the possible energy savings related activities. The next steps have the purpose to perform the energy assessment according to the methodology used/the directive applied. Auditors request from the client data, documents, measurements, characteristics of manufacturing equipment and processed materials, general energy streams, etc. The information is processed and analysed by the team. Throughout this phase, a continuous communication is maintained with the client in order to insure a proper understanding of the transition from the effective processes to the databases which are processed. (Wittsiepe, R. 2008) The energy audit report is then prepared in accordance with the information which was collected and processed. The assumptions, procedures performed, as well as the conclusions must be documented and explained to the client in a synthetic manner.
The last stage is represented by the implementation report. The auditor must follow up with the client in order to insure that the proposed measures were implemented, respectively that the observations/recommendations were considered and to assess to which extent this happened.
The purpose of energy audits
The final objective of the energy audit performed is to formulate observations/ recommend measures regarding the following:
Energy savings
Energy savings means an amount of saved energy determined by measuring and/or estimating consumption, before and after implementation of an energy efficiency improvement measure, whilst ensuring normalization for external conditions that affect energy consumption. (European Commission, 2016) This indicator results from the process of transforming the resources available in supply for the consumers and is strictly correlated with the energy efficiency, please see the figure below. Energy efficiency improvement Energy efficiency improvement means an increase in energy efficiency as a result of technological, behavioral and/or economic changes. This is also seen as a strategy of reducing greenhouse gas emissions, but only with the condition of drastically accelerating the process of energy efficiency. The EU Energy Efficiency Directives, use the following definition for the term 'energy efficiency', namely: the ratio of output of performance, service, goods or energy, to input of energy. (European Commission, 2015) According to the briefing in October 2015, to illustrate these kinds of output, thermal comfort in a building is an example of performance; transport of persons or of information is a service; a smartphone is a good, the production of which requires energy.
The main benefit of improving energy efficiency for the companies is that by reducing energy usage, energy bills should be reduced for industrial consumers, thereby improving their competiveness. (Erbach G., 2015) Emission reduction Increasing amounts of greenhouse gases (GHGs) in the atmosphere have generated climate change with negative impact on both natural and socio-economic systems. (Hannah, L. 2015) . The most significant and fast emissions reductions can be determined by the implementation of energy-efficient technologies. Examples of such are high-efficiency light bulbs, improving energy efficiency of buildings by better insulation techniques but not only. By such changes, the consumer can obtain substantial and fast energy savings by utilization of the existing technology or equipment. Because energy efficient technologies are not widely used, the gains in efficiency can be realized in a numerous variety of existing applications. Improved insulation, energy-efficient windows, and better heating and cooling systems are examples according to Hannah Lee. Because these modifications of existing technologies also represent cost effective methods, for example leading to fuel economies, retrofitting items often result in being either at breakeven as investment, or even managing to yield a profit.
Energy cost reduction
Cost reduction is directly linked to the energy savings achieved by the audit measures implemented. In many cases, it is simply the product of energy savings and its unit price. The total price may include fuel costs, transmission and distribution system associated costs, weather influence over costing and regulations of the state. (European Commission, 2016). In 2008, a programme was established in Germany to provide grants for energy audits in SMEs. presents the types of energy efficiency measures and the areas fow which they have been proposed by the auditors and implemented: heating and hot water, process heat, compressed air, electric motors and drives, ventilation and air conditioning, lighting, building insulation, waste heat recovery, process technology, ICT, cooling (for processes), energy management, behavior, and other measures.
Furthermore, Mai et al. (2014) further analyzed the implemented measures, and concluded that the majority of findings in the initial energy audits were for lighting, heating and hot water, building insulation, ICT and organizational measures (behavior and energy management). The more complex audits which were conducted would be focused on process heat, process technology, cogeneration, motors, heat recovery, refrigeration and renewable energy. Therefore, the framework presented in this paper aims to split the consumption amount in relevant categories which would take into account the elements generating the discrepancies between different types of audit conducted.
INPUT
METHOD OUTPUT
AUDIT PROCESS
1. Pre-audit questionnaire; 2. Understanding of processes; 3. Perform agreed audit procedures; 4. Audit report => energy savings measures; 5. Follow-up with the client regarding the implementation of the audit report.
INDICATORS:
Energy savings; Energy efficiency imoprovement; Emmissions reduction; Energy cost reduction.
Implementation of energy savings/ efficiency measures
Methodology
The qualitative research methodology consisted of reviewing the literature of the research field, as well as the existing legislative frame which represents the context for the future development of the energy audits. Our first research hypothesis for the framework developed is that a risk assessment model is strictly dependent on the energy consumption levels of the entities activating in a specific industry and should therefore be developed in accordance.
Our second hypothesis is that the possibility to implement measures and to improve energy efficiency is also dependent on the energy consumption levels.
In order to conclude over the research hypothesis, we have analyzed a database of a total of 1308 items representing energy audit results, representing the quantitative research methodology of the paper. The audits were performed for SME companies with the activity based in Germany.
We have considered this population representative for the paper given the fact that Germany's economy is the largest national economy in Europe and the industry is developed and diversified, so that the conclusions can be relevant for the business lines analyzed. We have stratified the population according to the business in which the entities operate, the total energy consumption, the number of findings/measures suggested and the energy saving resulted.
The challenge before using the data provided was that the system did not have reliable information regarding the completeness and correctness of the data collected. Therefore, we have performed a cleansing procedure over the information at hand, which consisted of 2600 energy audit records. This procedure consisted of excluding the following: test companies, companies which did not have a plausible relationship between energy utilized and energy purchased and items which had more than 10 instances from one class of audit procedure type performed.
After this cleansing was performed, we have proceeded to stratify the population. Firstly, we have analyzed the types of audit performed, considering the law/standard which regulated the audit.
Energy audit after DIN EN 16247-1
Out of the total population, a number of 840 instances analyzed are results of energy audits performed in accordance with DIN EN 16247-1.
The standard EN 16247-1 is a European standard that was also published in October 2012 by the German Institute for Standardization and has since been referred to as A4 EN 16247-1. It sets general consulting requirements and is designed to ensure clarity and transparency in the market. In concrete terms, the standard specifies methods and the systematic conduct of a qualified energy analysis. In order to achieve the ambitious European and German climate protection goals, the commitment of the economy is needed in addition to the participation and acceptance of the population. That is why the Federal Government has initiated a number of measures to increase energy efficiency in companies. Among other things, the European Energy Efficiency Directive, which requires an energy audit under EN 16247-1 for companies, was transferred into German law and the Energy Services Act, or EDL-G for short, was amended accordingly.
According to this directive, large companies in particular will have to check their energy consumption by 5 December 2015 by carrying out an energy audit in accordance with the European standard 16247-1. The energy audit must then be repeated regularly, at least every four years. For example, it mandates the amended Energy Services Act, which came into force on 22 April 2015. Alternatively, companies can introduce an ISO 50001 energy management system (EnMS) or an environmental management system (UMS) according to EMAS. This is also the deadline for 5 December 2015. By then, a Memorandum of Understanding on the introduction of an energy or environmental management system must have been signed and a technical stocktaking carried out. Companies have longer time to certify the chosen management system. This must be done by 31 December 2016 at the latest.
The new regulation is therefore, on the one hand, an important step towards implementing the EU Energy Efficiency Directive and, on the other hand, in achieving Germany's energy-saving targets. These energy audits are also important because they lead companies to identify their own energy-saving potential and to invest specifically in energy efficiency measures. In the context of the energy transition, the legislature therefore attaches a decisive role to the energy audits.
Energy consulting for SME s (EBM)
A number of 432 instances analyzed refer to results of EBM.
Energy consulting must meet the essential requirements for an energy audit within the meaning of Section 8a of the Energy Services and Other Energy Efficiency Measures Act (EDL-G) and, in particular, the requirements of the EN 16247-1. According to this, the use and consumption of energy is systematically investigated and analyzed in a company. The aim is to identify energy flows and potential for energy efficiency improvements. In a further step, the various measures are assessed in a monetary manner by investment/profitability calculations, so that companies can, as a result, record at a glance which investments pay off in which period. The main potential savings and measures are to be summarized in an advisory report. (BAFA, 2017)
Energy audit after ISO 50001EB
A number of 17 instances analyzed refer to results of ISO 50001 consulting.
The term energy management stands for a systematic energy consumption analysis as well as the subsequent planning and implementation of optimization measures of energy consumption. Monitoring and continuous development of improvement measures is also part of this management area. The ISO 50001 standard sets relevant requirements for the certification of an energy management system (EnMS). If the Energy Management System (EnMS) meets standard requirements, companies can improve their energy efficiency by reducing energy use and reducing both energy-related costs and environmental impacts. In order for companies to benefit from peak compensation under the Electricity and Energy Tax Act, they must have introduced an EnMS.
An EnMS is also a prerequisite for limiting the EEG levy for companies with an annual electricity consumption of 10 GWh or older. In order to be recognized, ISO 50001 certification or registration under EMAS-VO is required. SMEs also have the option of presenting an "alternative system" for peak compensation, such as an energy audit between EN 16247-1 or a system under Annex 2 of the Top Repair Efficiency System Regulation (SpaEfV). With the amendment of the Energy Services Act (EDL-G), Article 8 (4) -7 of the EU Energy Efficiency Directive (RL 2012/27/EU) has been transposed into German law. Article 8 (4) -7 requires all companies that are not small or medium-sized enterprises (SMEs) to carry out an energy audit until December 2015 and at least every 4 years thereafter. Excluded from this requirement are those companies that have a certified ISO 50001 EnMS or an environmental management system registered under EMAS.
Optimization of technical systems -QSTSO
A number of 19 instances analyzed refer to results of technical systems optimization.
The optimization of technical systems includes all stationary plant or plant parts that contribute to the energy efficiency of cross-sectional technology, by improving their system connectivity. In principle it refers to renewal and acquisition of a complete production facility. Similarly, not considered items under this directive are heat producers. As part of the optimization of technical systems, replacement and expansion investments are eligible in the following cross-sectional technologies: Electric motors and drives, pumps, indoor air systems, compressed air systems, heat recovery. In addition, the reinstallation of the above cross-sectional technologies, including the plant parts required for integration into a technical system, will be encouraged. After the stratification according to audit type, we have stratified the database of a total of 1308 items according to the business in which the entities operate, the total energy consumption, the number of findings/measures suggested and the energy saving resulted. Given the fact that according to the laws presented above, the audit/advisory services are mandatory once every four years, we have analyzed the results obtained in the last period which ended in 2017, namely 2014-2017. In total, the population total energy consumption for the observed period (4 years) is of approximately 127,117,319 MWH/year.
The business lines analyzed are detailed in the first column of the figure below, where it is also noticeable; the fact that approximately 36% of the total consumption is in the manufacturing industry. Due to the fact that also the majority of the findings (1,508) were also presented for this industry, we have considered it the most relevant to be analyzed in order to conclude over our research hypothesis. 
Results and discussions
Firstly, the business line was split according to the percentage of energy savings in total consumption of the entity. Out of the total measures proposed, more than 90% have only generated energy savings of less than 10%, which means that in the first audit period of 4 years, the measures implemented have not lead to a significant improvement in energy savings. In the chart below, it becomes clear, that in actuality, the majority of the measures have only lead to energy savings of less than 1% for the most significant part of the total energy consumption of the manufacturing companies. Therefore, the need to improve the audit methodology and adapt it to the specific of the industries becomes clear, because otherwise no significant changes are to be expected in the next audit period either. Secondly, another relevant split for our research refers to the quartiles of the average total consumption of the companies. We have assumed that according to the size of the entity, the energy consumption increases. Therefore, in order to realize statistically relevant intervals we have considered the 4 quartiles of the total population and added the average energy consumption of the entities according to the upper and lower limits. We have observed that the number of findings of the audit and the measures implemented increase with the size of the companies audited, therefore resulting in more complex processes to be audited. As seen below. In the first quartile of the population, only 1% of the total average consumption of the companies can be found, therefore we have not considered it relevant for the correlation. Excepting the first quartile, the average energy savings of the consumption increases with the size of the company. It can be assumed that the energy saved increases with the size of the entity.
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Conclusion
The first research hypothesis -that a risk assessment model is strictly dependent on the energy consumption levels of the entities activating in a specific industry and should therefore be developed in accordance was validated, given the fact that, as seen above, the number of findings increases for every interval of energy consumption level observed.
Our second hypothesis -that the possibility to implement measures and to improve energy efficiency is also dependent on the energy consumption levels, is only partly validated, given the fact that, as seen above, the average energy saving % of total consumption increases in accordance with the consumption level, but only after a certain threshold of the industry is exceeded. This means other indicators must also be considered in the risk assessment, not only the dimension/consumption level of the entity.
In the next audit period of 4 years, which starts in 2019, both the audited as well as the audit companies can consider the correlations above in the audit process. In order to develop a risk assessment model for the audit procedures in the upcoming period, the new results can be compared to the correlations in the present framework. By adding other indicators and new relationships, this framework will constitute the starting point for developing a comprehensive risk based approach model to be used by the stakeholders in the industry, as well as by the audit companies in their procedures.
